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Abstract 

This chapter describes a program of research that is exploring pedagogical, tech-
nological, and aesthetic dimensions for designing virtual worlds for learning. The 
design and research work involving Virtual Singapura is discussed, which is a vir-
tual world for learning science inquiry skills. The chapter first discusses issues in 
the literature related to learning content specific knowledge in immersive virtual 
worlds and game environments, and pedagogical design approaches for learning in 
virtual worlds. Next, the design of Virtual Singapura is described in terms of its 
scenario for science inquiry learning, graphic design, behaviors of the intelligent 
agents representing 19th century characters, and the associated guided inquiry cur-
riculum materials and research materials. The research findings from two studies 
involving Virtual Singapura are reported. The chapter concludes with considera-
tion of future research that will explore learning with different pedagogical trajec-
tories for providing structured versus unstructured virtual learning experiences as 
well as activities “outside” of the virtual worlds that might consolidate or enhance 
understandings students construct “inside” such environments. 
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Overview 

We live in a time when the first day revenues from a top selling computer game 
have exceeded those of any motion picture ever made. Virtual online communities 
such as Second Life have millions of “virtual inhabitants” and even a thriving real 
money economy in which approximately US $450 million was spent in 2008. The 
highly interactive and multi-user engagement in the current generation of com-
mercially available computer games has attracted millions of users around the 
world and created a large economic market that is driving further development in 
this area. Regarding the potential of digital media and computer games for educa-
tion, even the popular press (e.g., Business Week, WSJ, Wired, Fast Company, 
Business 2.0, and Economist) has published featured pieces about this topic over 
the past few years. 

However, as is discussed below, a critical look at current empirical research on 
learning with 3D computer games suggests equivocal support that such environ-
ments inherently or automatically facilitate learning of subject specific content 
knowledge. The challenge for using virtual worlds for learning1—as Chris Dede 
(personal communication) has noted—is that unlike standing next to a fire where 
one automatically gets warm, being in a virtual learning world or game does not 
necessarily mean learning will occur. 

As part of an investigation into this challenge, this chapter describes a program 
of research that is exploring pedagogical dimensions for designing virtual worlds 
for learning. The design and research work involving Virtual Singapura is dis-
cussed, which is a virtual world for learning science inquiry skills. The chapter 
first discusses issues in the literature related to learning content specific knowl-
edge in immersive virtual worlds and game environments, and pedagogical design 
approaches for learning in virtual worlds. Next, the design of Virtual Singapura is 
described in terms of its scenario for science inquiry learning, behaviors of the in-
telligent agents representing 19th century characters, and the associated guided in-
quiry curriculum materials and research materials. Results of two classroom-based 
studies involving Virtual Singapura are reported, followed by a discussion of is-
sues that emerged from these research findings.  

                                                           
1 Various terms are used to describe 3D games and virtual environments for use 

in learning contexts, such as serious games, multi-user virtual environments, im-
mersive environments, and so on. We prefer the use of virtual worlds for learning 
in this chapter to stress the purpose of these systems in educational contexts in 
contrast to implicit views of “games” as an entertainment outlet.   
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Learning in Virtual Worlds and Game Environments 

The potential of utilizing the representational, collaborative, and motivational as-
pects of virtual worlds to help achieve substantive education learning goals has 
been of interest to researchers exploring the technologies of learning for a number 
of years. Research into learning with 2D simulations and games has been ongoing 
since the late 1950s (Gredler, 2004). Surprisingly, however, even though there has 
been extensive development of 2D simulations and games for over 40 years, Gred-
ler notes that most developers “report only sketchy anecdotal evidence or personal 
impressions of the success of their particular exercise” (p. 576). She goes on to 
comment that few research projects have documented enhanced posttest skills of 
students using games or of students’ problem solving strategies employed when 
using simulations.  

By the mid-1990s, several researchers began to explore how immersive 3D vi-
sualizations or virtual reality (VR) technologies might be adapted for use in the 
development of 3D simulations for learning (Dede, 1995; Dede et al., 1994; Dede, 
Salzman, Loftin, & Ash, 2000; Dede, Salzman, & Loftin, 1996; McLellan, 2004; 
Psotka, 1994; Winn, 2002; Winn, Windschitl, & Hedley, 2001). Overall this re-
search—which typically involved specialized VR equipment in which the learner 
used stereoscopic head-mounted displays (HMD) with sound and perhaps haptic 
devices for kinesthetic feedback—suggested that appropriately designed and used 
virtual learning environments may provide “value added” learning over 2D educa-
tional technologies when content is controlled for. However, the higher cost of 
these technologies, both in terms of the computational resources required and the 
specialized ancillary equipment such as stereoscopic LCD shuttered HMD units or 
glasses has no doubt limited their more extensive use in pre-college educational 
and home environments. Consequently, these research findings, while theoreti-
cally important, have had little practical impact on regular classroom practices. 

More recently, the educational and research communities have become increas-
ingly interested in systems sometimes referred to as “3D” games (actually a simu-
lation of a 3D environment displayed on a 2D computer screen, sometimes call 
2.5D to differentiate from true visually immersive virtual experiences that run on 
currently available multimedia and Internet capable computers in schools and 
homes. The highly interactive and multi-user engagement in the current generation 
of commercially available computer games has attracted millions of users around 
the world to these environments and created a large economic market that is driv-
ing further technological and design developments in this area. Further, academics 
such as Gee (2003), and educational researchers such as Squire and associates 
(2005; 2003; 2002), have recently argued that the affordances of highly interactive 
game-like systems are well suited to support many of the recommendations 
emerging from learning sciences and educational research related to how people 
learn. Indeed, Squire (2005) has written that the question is not “whether educa-
tors can use games to support learning, but how we use games most effectively as 
educational tools.”  
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However, a critical look at the research to date on computer games and learning 
suggests the case for how games support learning remains equivocal. In looking at 
two reviews of research on computer games and learning, it is interesting to note 
that the learning outcomes are discussed in very generic terms. For example, 
McFarlane and colleagues (2002) note that while games provide a forum for learn-
ing knowledge and skills when playing a game, there is a mismatch between the 
content in commercial games and the curriculum content recognized as valuable in 
traditional school settings. In a more recent review of the literature, Kirriemuir and 
McFarlane (2004) consider issues such as the impact of violence in games, gender 
images in games, and the displacement of other activities by games. However, the 
discussion of research into learning outcomes associated with the use of commer-
cial games in classroom settings found that whereas games were perceived to be 
motivational and helpful in fostering collaboration, teachers found that the amount 
of irrelevant information in commercial games wasted limited lesson time.  

There are two notable indirect findings (i.e., not specifically discussed by either 
sets of authors) in both of these literature reviews of learning with games. First, 
the game systems that are discussed in these reviews represent commercially 
available games, so that the main purpose of these systems was not educational. 
Consequently, it is not surprising that many teachers felt there was non-relevant 
material in the commercial games. Second, neither of these reviews reported em-
pirical findings of significant learning gains in the regular curriculum content. 
This second point is also consistent with an observation made by Squire, Jenkins, 
and associates (2003) that “very little empirical study has been done on how these 
games are used, and the existing research has failed to yield a useful research 
framework.”  

More recent research into learning in 3D games, multi-user virtual environ-
ments (MUVE), and virtual worlds (the term preferred for the Virtual Singapura 
research discussed in this chapter) has shifted to designing systems that are 
aligned with specific content, rather than attempting to repurpose existing com-
mercially available games. For example, Squire and associates (2004) conducted a 
study in which 61 students used a game, SUPERCHARGED, to learn science content 
related to electrostatics, compared to 35 students in the control condition that did 
not use the game. Students in the experimental condition scored significantly 
higher on items related to electrostatics on the posttest compared to the control 
condition and no significant gender differences were found. Both the posttest and 
the qualitative interviews, however, revealed that most students did not construct 
understandings of the more complex electrostatic concepts in the SUPERCHARGED 
game and that certain misconceptions about charged particles in an electric field 
persisted. Other qualitative findings were that both boys and girls were initially 
eager to play the game, but that many boys lost interest by the second day once 
they felt they had “beat” the game. Interestingly, girls were less interested in 
“playing-the-game-for-points” mode and instead explored the game as a simula-
tion in which they collaboratively worked to record their actions and to share their 
results with student peers. 
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A more extended program of research, the Quest Atlantis (QA) project employs 
an educational multi-user virtual environment that allows students to travel in a 
virtual space to perform in class or after school educational activities, talk with 
other students and mentors, and build virtual identities (Barab, Thomas, Dodge, 
Carteaux, & Tuzun, 2005). Research involving QA has consistently documented 
the motivational aspects of students engaged in QA “quests” (Barab, Dodge et al., 
2007; Barab et al., 2005), which is consistent with the findings involving commer-
cial computer games used in classrooms discussed above. Interesting, however, is 
this research also found that students respond to the narrative aspects of the im-
mersive experience more so than the “game-like” features (Barab et al., 2005), 
which is consistent with the findings of Squire, Barnett, Grant and  Higginbotham 
(2004) for the girls in that study. Unlike the research involving commercial com-
puter games, however, there is a growing number of studies involving QA that are 
documenting significant learning gains in a variety of subjects, such as social stud-
ies (Barab, Dodge et al., 2007), and science (Barab, Warren, & Ingram-Goble, 
2006; Barab, Zuiker et al., 2007). 

Another long-term program of research into content learning with a 3D virtual 
environment is the River City MUVE project. We refer the reader to the extended 
discussion of design and learning research related to the River City project in the 
Ketelhut, Clark, and Nelson chapter (this volume). Of relevance to themes in the 
review of literature on learning with virtual environments, the River City project is 
another example of the explicit design of a virtual environment to be closely 
aligned with subject specific knowledge, in this case, with a focus on science in-
quiry skills, health and diseases, ecology, and biology. Significant findings of 
learning content knowledge and inquiry skills have been found, as well as the mo-
tivational efficacy of the River City MUVE for a broad range of students, includ-
ing those students struggling with motivation, self-worth, and lack of science con-
tent knowledge (Dede, Clarke, Ketelhut, Nelson, & Bowman, 2005b; Ketelhut, 
Dede, Clarke, Nelson, & Bowman, 2007). 

The pedagogical designs of the educationally successful virtual learning envi-
ronments discussed here—and others not considered here for space reasons, such 
as the research of Shaffer and colleagues (2005) and Steinkuehler (2004)—are ex-
plicitly or implicitly guided inquiry approaches based on a Vygotskian social con-
structivist model of learning-by-doing. For example, the guided social constructiv-
ist approach that has been primarily used for River City (Dede, Clarke, Ketelhut, 
Nelson, & Bowman, 2005a; Ketelhut et al., 2007) consists of a science inquiry 
curriculum that begins with relatively small scale or structured activities that pro-
gress to more complex and less structured activities over approximately four 
weeks, such as conducting scientific experiments in the virtual River City. Online 
resources, a printed laboratory book, and class talks by the teacher outside of the 
MUVE provide other scaffolding or structure in River City during the initial and 
middle portions of the curriculum, but this structure is faded by the time of the 
culminating experiments the students conduct as they investigate their team’s hy-
potheses about what is causing the virtual citizens of River City to become sick. 
The learning activities or “quests” in Quest Atlantis also typically employ a guided 
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or scaffolded inquiry approach that is intended to “bring together two traditionally 
disparate forces—the motivation of free play and the rigor of academics… (Barab 
et al., 2005, p. 96).  

In conclusion, recent research exploring the nature of learning with multi-user 
virtual worlds and 3D game environments has documented interesting education-
ally relevant outcomes, such as their motivational power and the opportunity to 
help develop important skills (e.g., collaboration) (Gee, 2003; Steinkuehler, 2004). 
However, there remain concerns about depth of learning about subject specific 
knowledge and skills in virtual learning environments as well as the ability of stu-
dents to apply and use this knowledge in new situations and contexts (Dede et al., 
2005a). 

Design Considerations for a Virtual World for Learning 

One of the main goals of the ongoing research reported in this chapter is to ex-
plore ways in which students may learn challenging knowledge and skills in a vir-
tual world in ways that they may transfer to novel problem contexts outside of the 
virtual experience as well as to prepare for in future learning activities (Bransford 
& Schwartz, 1999). Undertaking research of this type, however, requires attention 
to a number of design issues that span different areas of specialization. In this sec-
tion we use the Virtual Singapura (VS) project as a case study to discuss design-
ing for: (a) situated and contextualized learning, (b) virtual pedagogy, (c) intelli-
gent adaptive virtual interactions, and (d) virtual aesthetic experiences.  

Designing for Situated and Contextualized Learning 

The classroom based research with VS is investigating how a "virtually authentic" 
context might be engaging and meaningful for students as they develop science 
inquiry skills such as questioning, forming hypotheses, collecting data, data analy-
sis, and hypothesis revision, as well as learning important science content knowl-
edge about biology, communicable diseases, ecology, and human environmental 
impact. As part of the design research methodology of the project, the research 
team has worked closely with teachers in two Singapore secondary schools to get 
their perspectives and suggestions during the initial development phase of creating 
VS as well as during the classroom-based research in which their students used the 
VS multi-user virtual environment. It was hoped that using virtual 19th century ar-
tifacts about Singapore such as historical buildings, agents representing different 
ethnic groups in Singapore (e.g., Chinese, Malay, Indian, Westerners), and historic 
period photographs would make this science inquiry environment relevant and 
motivating for Singapore students. 
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The basic scenario for VS was inspired by the fictional 19th century River City 
MUVE research (Dede et al., 2005b; Ketelhut et al., this volume). As VS was ini-
tially intended for use in Singapore secondary science classrooms, the teachers 
who collaborated with the research team as part of the design research methodol-
ogy we employed suggested that a Singapore context for science inquiry might be 
more interesting to their students than the American centered River City MUVE. 
Our design team elected to base the VS scenario more tightly on historical re-
search information about disease epidemics in 19th century Singapore and about 
cultural practices and conditions of the period, in contrast to the more fictitious 
scenarios of River City or Quest Atlantis. The scenario for VS is to have 21st cen-
tury Singapore students go back in time to help the Governor of Singapore, Sir 
Andrew Clarke, and the citizens of the city figure out what is causing the illnesses 
and to propose viable 19th century solutions to stop the epidemics. The cholera ep-
idemic of 1873-4 is used as the main source theme for VS, with historically based 
information about tuberculosis and malaria integrated into the scenario of the vir-
tual science inquiry experiences of the students.  

When students teleport back to 19th century Singapore, they arrive at the Boat 
Quay on the Singapore River and then use their avatars (computer generated char-
acters on the screen that they control and communicate through) to explore por-
tions of the historical city that include the Tan Tock Seng Hospital (Chinese Pau-
per Hospital), St. Joseph's Institution (one of the first schools in Singapore), a 
traditional Chinese Medical Hall in the merchant area by the Marina, tenement 
houses in Chinatown, marsh, and houses in the wealthy European neighborhood 
(see Figure 1). As the 21st century student scientists investigate the causes of the 
diseases, they will visit various locations in the city, meet computer-generated VS 
residents (i.e., agents), inspect digital objects such as historical pictures to obtain 
information; and obtain air, water, and insect samples at selected data collection 
stations. The students communicate with team members using the group-chat 
function and they may also chat with the various 19th century agents they meet, 
such as the doctor and nurse in the hospital (see Figure 2), the wife of the tradi-
tional Chinese doctor, coolies on the street, a researcher at the medical school, 
poor mother of a sick child, and so on.   

Another history of science theme that was embedded in the VS scenario was 
the prevalent 19th century theory that cholera was an air-borne disease rather than 
one transmitted due to feces contaminated water, which was not widely accepted 
until the late 19th century (for an interesting account of 19th century scientific 
views of cholera and the impact of cholera epidemics, see Johnson, 2006). Our in-
tent with including this history of science theme was to illustrate how scientific 
knowledge is not fixed and static “facts,” but rather it is often tentative theoretical 
understandings that new scientific investigations often challenge. The revision of 
theories is thus inherently part of the scientific process, but one the secondary stu-
dents do not often have the opportunity to experience. We also hoped that the his-
torical contexts for VS could allow provide teachers with opportunities to extend 
the primary science inquiry focus of the current VS curriculum to include 19th cen-
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tury historical and social issues that were important in Singapore and in other port 
cities around the world during that period. 

 
<Insert Figures 1 and 2 about here.> 

 
The students experience how the early Chinese and European immigrants 

formed ethnic town areas, which we call Chinatown and European town in VS. 
The Chinatown population consisted mainly of laborers, commonly known as coo-
lies, who lived in overcrowded and unhygienic quarters. Due to these poor and 
unhealthy living conditions, coolies were extremely vulnerable to diseases, and 
significant death rates were common in this area. In contrast, the European quarter 
had a relatively small population of rich European traders who lived in spacious 
and comfortable houses. Within the context of this complex historically based en-
vironment, VR allows students to engage in science inquiry activities related to 
understanding why and how the virtual citizens of VR become sick with diseases 
such as cholera, malaria, and tuberculosis. 

Designing for Virtual Pedagogy 

The curriculum of VS is intended to be aligned with the Singapore secondary sci-
ence syllabus, in particular with knowledge and skills related to science inquiry 
that are just now being explicitly taught in 2008 at the secondary level. Students 
learn to identify problems and to suggest a hypothesis for a problem of interest, 
identify relevant dependent and independent variables, gather data, and to discuss 
if their hypothesis was confirmed or not and to explain why or why not.  

Pedagogically, the VS Student Lab Book exemplifies a guided inquiry ap-
proach (Dede et al., 2005a; Ketelhut et al., 2007; Tinker, 2007) in which students 
are initially scaffolded (e.g., experience a structured set of activities) while they 
are learning science inquiry skills, and over the course of the unit, the structure or 
scaffolding is gradually reduced (i.e., this is a “high-low-structure” pedagogical 
approach, see below). As a team, students collaboratively obtain information, col-
lect data, and discuss their findings. Working together with peers not only helps 
students see different perspectives into the problems, but also allows them to “di-
vide and conquer” the tasks at hand. Information is available from interactions 
with the intelligent agents and from clickable informative objects (e.g., pictures, 
library books, and hospital admissions chart) in VS. For example, when students 
click on a picture in the interior of the hospital, a panel appears on the right side of 
the screen and provides historical information as well as clues related to different 
things that are going on in VS related to the health issues in the city (Figure 2). In-
dividually, students write reflections and interim reports to the Governor, which 
provide teachers and researchers with formative insights into students’ under-
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standing of the scientific inquiry process and their thoughts on the causes of dif-
ferent diseases and their transmission. 

The Student Lab Book functions as a road map in guiding learners to advance 
through three levels: Level One - Junior Scientist, Level Two - Assistant Scientist, 
and Level Three - Scientist. Each of these levels consists of class objectives and 
goals for students to accomplish in their scientific inquiry activities in the VS 
world. In Level One, as Junior Scientists, students apply more everyday ways of 
doing inquiry, such as making inferences based on observations, using their senses 
(e.g., seeing and hearing) as research tools for exploring VS, sharing gathered in-
formation with teammates, and making educated guesses about possible causal 
factors. In Level Two, students as Assistant Scientist learn to apply more formal 
scientific inquiry process and tools to conduct a research experiment. Virtual re-
searcher tools, such as the air and water sampling stations and insect 
catcher/counter, are embedded in VS for students to compare the levels of differ-
ent disease concentrations or number of insects from one area to another. The pro-
gression from Level One to Two provides students the experience of shifting 
learning perspectives from subjective inferences to more formal science inquiry-
based reasoning. Finally, in Level Three, students conduct their experiments about 
what was causing people to get sick in Virtual Singapura. There were six inde-
pendent variable conditions that were developed for VS that the student teams 
could select from: (a) clean resident’s residencies, (b) change to the rainy season 
(main VS world is set in the low rain season in Singapore), (c) drain the swamp, 
(d) close all wells and build new ones, (e) build new tenement buildings, and (f) 
change the practices of the night soil coolies. The teams would state what their 
hypothesis was (e.g., closing contaminated wells and building new ones would 
lower the number of people getting cholera), decide what dependent variables for 
which to collect data (e.g., collect water samples and count number of hospital pa-
tients sick with cholera in the main VS world and in the VS world with the clean 
wells), and then interpreting the data to see if their hypothesis was confirmed or 
disconfirmed. The students then individually wrote up their online reflections to 
the Governor about what they found and what they recommended, and each team 
gave presentations to the entire class.  

Designing for Intelligent Adaptive Virtual Interactions 

The design of adaptive synthetic characters is a challenging problem in the field of 
artificial intelligence and education, and there has been little research to date into 
the use of intelligent agent techniques to model synthetic characters in immersive 
virtual worlds for learning (see, for example, Holmes, 2007). A focus of this por-
tion of our research is to explore how the functionality of intelligent agents might 
enhance the learning outcomes of students in their virtual world experiences. The 
intelligent agents in Virtual Singapura are designed using the Goal Net architec-
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ture, which is a set of algorithms for modeling the goals of agents in multi-agent 
virtual worlds developed by members of the Emerging Research Lab at Nanyang 
Technological University in Singapore (Shen, Miao, & Cai, 2007; Shen, Miao, & 
Gay, 2006). A Goal Net is composed of goals and transitions. Goals represent the 
objectives that an agent needs to pursue, and transitions specify the relationship 
between two goals. Each transition is associated with a task list that defines the 
possible tasks the agent needs to perform in order to move between two goals. A 
Goal Net thus defines all the possible paths by which a goal can be reached or 
achieved from another goal. In addition, a Goal Net may consist of atomic goals 
and/or composite goals. An atomic goal is a primitive that cannot be further de-
composed, whereas a composite goal can be split into sub-goals connected via 
transitions. A complex Goal Net thus can be recursively decomposed into a hier-
archical structure consisting of composite goals and atomic goals, which simpli-
fies the goal modeling process across different levels of abstraction. Finally, the 
Goal Net architecture connects input and output goals using four types of transi-
tion relations: sequence, choice, concurrency, and synchronization. The combina-
tion of the different types of relations and connections between goals defines all 
possible goal pursuit paths. The selected path is dynamically determined in real 
time with the goal selection algorithms as part of the runtime environment. 

In our research, the Goal Net architecture has been extended to interoperate 
with the Active Worlds virtual world server as part of the pilot VS project (see be-
low). The use of agents with goal nets has been initially tested in the VS world in 
relatively simple yet functional ways, such as increasing the range of queries and 
informational responses a synthetic character may “understand,” helping students 
navigate in the virtual landscape, or answering various forms of questions students 
commonly ask virtual characters, such as: Who are you? Are you sick? Where am 
I? Where should I go next after I explore this area?  

For another example of how the intelligent agents behave in VS, Dr. Rajabali 
and Nurse Siti follow goal net rules to move around and visit the various patients 
in the hospital for five to ten seconds each and to occasionally come together 
themselves (see Figure 2). When a student’s avatar approaches either of them, at a 
certain distance they will turn to the avatar and begin a greeting, as shown this ini-
tial conversation between Dr. Rajabali and a student who visits the hospital for the 
first time: 

Hi there, June! I believe this is your first visit at the hospital. Many of the 
patients have very bad diarrhea, and some of their bodies had turned blue 
from dehydration. As my medicine is not working, I am re-examining my 
patients' symptoms to come up with other cures. Perhaps you should talk to 
my patients, too. 
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When this student visits the hospital for the second or third time,2 Dr. Rajabali’s 
responds in this way:  

Hello again! The situation has not improved. I hope you are able to find out 
what is causing my patients to be sick. Feel free to look around or talk to the 
people here. 

The agent “knows” that this is the first or subsequent time a student visited this 
particular location, and thus can adaptively provide context and situation specific 
information to the student. The agents in different VS “sets” (i.e., the virtual loca-
tions we have developed) also keep track of the information resources (e.g., arti-
facts, pictures with captions) each student has accessed in these various areas, and 
agents may provide suggestions to a student, such as to check important resources 
that may not have been accessed during previous visits. In addition, by primarily 
having the agents initiate the interactions with avatars, the design team intended to 
constrain the range of likely questions a student might ask, and thus to minimize 
the number of responses to be authored for each synthetic character. Log files re-
cord all interactions between students and the agents in our studies, and we plan to 
review these logs to identify commonly asked additional questions that responses 
will be authored for and then programmed into future versions of the virtual 
world. 

The research reported in this chapter represents our early technology develop-
ment and research steps to integrate and to use intelligent agent technologies in a 
virtual learning world. In the discussion of future research, we consider new direc-
tions we plan to explore for ways in which intelligent agents might support inno-
vative pedagogical trajectories for learning in virtual world experiences. 

Designing for Virtual Aesthetic Experiences 

In designing the aesthetic and visual appearance of the VS virtual world, we chose 
to use the look of Cibachrome prints and illustrations of 19th century Singapore. 
The goal was to immerse the user in the look of the era as seen from the 21st cen-
tury within the limitations of the Active Worlds DirectX 7 graphics engine. Our 
team resourced photographs in the National Archives of Singapore, photographed 
the existing buildings from the era, and studied the costumes and hairstyles of 
men, women, and children from this historical period. 

The short development timeline for 20 agent characters used in Virtual Sin-
gapura was a challenge met by redesigning models sourced from a library of 

                                                           
2 We developed three different paraphrased versions for each response option, 

so there would be a two out of three chance a subsequent response would be 
slightly different than the first response, or that a second student approaching an 
agent would get a slightly different greeting than the previous student. 
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character models. These models were modified to reflect the cultural and ethnic 
milieu of 19th century Singapore as well as the costuming and hairstyles of the era. 
The Nanyang Technology University art team utilized character assets and the 
motion and gestures provided by the Active Worlds environment. In doing so, we 
minimized the labor that would normally be devoted to the design, animation, and 
rigging of 3D characters. However, while this is not an optimal approach when 
creating original art assets, the emphasis within the research team for this project 
was to create an engaging aesthetic experience in the virtual world to support the 
learning sciences and agent research, rather than on artistic novelty per se.  

Research 

Two studies have been conducted to date involving the Virtual Singapura  (VS) 
science inquiry unit. In this section, we provide an overview of these studies (for 
additional information, see Jacobson, Kim, Lee, Lim, & Low, 2008). 

Virtual Singapura Study 1 

This was a pilot study involving the initial implementation of the VS environment, 
supporting materials, and assessments to explore ways in which this virtual envi-
ronment might help students learn science inquiry skills. The VS study 1 was im-
plemented over ten class periods, each 50 minutes, for Secondary One (grade 7) 
students in an all boys Singapore school during August 2007. Three classes with a 
total of 104 students went through the VS science inquiry program based on his-
torical epidemics in 19th century Singapore. They worked collaboratively in teams 
of four on the various problems and science inquiry activities in the Student Lab 
Book (see above), answered online and off line questions during these classes, and 
came up with group presentations to their respective classes on their hypotheses 
related to the causes of diseases in VS.  

The students also completed a pretest and a posttest, which consisted of both 
multiple choice and open-ended items. In addition to the tests, pre-and post sur-
veys were administered that contained affective measures derived from the Atti-
tude towards Science and Adoption of Science Values scales of the Test of Sci-
ence-Related Attitudes (TOSRA) by Fraser (1978). The survey items asked the 
students’ perceptions about “feeling like a scientist,” working in teams, and learn-
ing in the VS science inquiry unit. All of these items were measured with 7-point 
Likert scales (1 to 7 representing the negative and positive ends of each item). In-
terviews of a group of the students and of all participating teachers were con-
ducted at the end of the VS unit. 



13 

Given that the pretest and posttest were of unequal lengths, the scores on the 
parallel items from the two tests were compared instead. It was found that the 
mean score on the posttest (M=.75, SD=.12) was significantly lower than on the 
pretest (M=.78, SD=.12; t(209)=2.89, p<.01), although the effect size was moder-
ate (d=.40). However, the Likert scale responses on both the Attitude towards Sci-
ence and Adoption of Science Values scales were significantly higher (p < .05) on 
the posttest than the pretest.  

The main qualitative data consisted of interviews conducted with one team of 
four students from each of the three VS classes, as well as with the three VS 
teachers. Briefly, these interviews suggest that the students found VS to be very 
engaging and, more important, that they felt it fostered different types of learning 
than is typical in science classes: 

 “...so we don’t feel bored...because the teachers just like (gave) us all the notes...then we 
just copy down and all that, but in “Virtual Singapura”, we get to carry out experiments 
ourselves, so we understand better.” 
“...it (“Virtual Singapura”) was very interesting as we not only get information from our 
teachers... we get to conduct experiments by ourselves, and when there were different 
outcomes from the others, it was like very interesting...” 
“We all learn how to use our information we gathered to err... like conduct experiments, 
form a hypothesis, and err...find the outcome of the experiment...” 
“....the process of learning while you’re playing is quite fun...you can learn better.” 

The teachers overall had positive comments about the use of this approach to 
help students learn about scientific inquiry and science content. A science educa-
tion teacher who had been part of the design research team from the start of the 
project expressed her impressions this way: 

I think to have the virtual world is a very good idea, because they use their own senses; it 
is online… they get to ask questions…they get to figure things out for themselves…it is 
much better than teachers telling them. I really like the way they learnt how to write the 
hypothesis statements. They learnt how to construct a hypothesis or educated guess. They 
tried different ways to prove themselves correct or wrong. A few of them went on the 
wrong direction when they tried to do certain experiment and nothing happened, I could 
see the disappointment on their faces, and I am so happy to see that not because they were 
disappointed but because they really wanted to know the answers. They did not turn to 
their classmates for answer; they worked among the group themselves to find the answer 
as to what could they do differently…I liked it.  

It can be seen in these short interview excerpts that both the students and this 
teacher regarded VS as a learning environment in which the students had more 
ownership and responsibility for their learning. The distinction between a funda-
mentally learner-centered approach of VS and of didactic teaching that is common 
in Singapore is one both the students and the teacher noted. In addition, both the 
students and the teachers regarded VS as a clearly more motivating and engaging 
way to learn compared to one in which students would just “copy down notes,” as 
one boy commented. Clearly the students and this teacher (as well as the other 
teachers, not quoted here) felt the students were learning important subject knowl-
edge and skills and that the experience was an engaging one. 
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Overall, the qualitative findings are consistent with the higher scores on the At-
titude towards Science and Adoption of Science Values scales. However, the low-
er scores on the science content and inquiry oriented posttest are puzzling given 
the clear indications the students were motivated and engaged in their learning ac-
tivities, which generally is correlated with increased learning outcomes. One poss-
ible reason may be that the students were not motivated during the VS study 1 
posttest as this was not a “grade counting” test given the experimental context of 
this study. Assuming, however, that the students were reasonably conscientious in 
their work on the posttest, there appear to be two other main factors to explain the 
lower posttest results. First, as discussed earlier, only 10 of the 40 computers in 
the lab could run the VS program simultaneously due to bandwidth limitations, 
and even those computers responded very slowly at times. Consequently, it was 
necessary to group four students per team to share one computer. This was hardly 
an ideal situation, as often only one or two students seemed actively engaged with 
the virtual activities at any given moment. Second, it may be that the students 
were in fact learning about science inquiry skills in the context of the virtual 
world, but that they were unable to apply or to transfer these new understandings 
to the paper and pencil based context of the posttest. In the next section, we dis-
cuss the follow-up study that was designed to explore issues raised in this initial 
research involving the VS science inquiry unit. 

 
<Insert Table 1 about here> 

Virtual Singapura Study 2 

After completing the VS study 1 in September 2007, teachers at the participating 
school approached the research team about using VS in a science education mod-
ule for the new grade seven cohort of students (nine classes) that was entering this 
all boys secondary school in Singapore. The school agreed to provide additional 
time in the main computer lab so that we could accommodate the additional stu-
dents. Even though the teachers were clearly pleased with the engagement and 
outcomes of the initial pilot study, the research team was interested in taking ad-
vantage of this opportunity to investigate possible reasons for the mixed learning 
findings in the earlier VS study. In preparation for this second study, we made 
changes in the design based on teachers’ suggestions and our observations and in-
terest. Table 2 summarized the changes, which were mainly focused on the peda-
gogical considerations of the design. VS study 2 focused on three main research 
questions. First, what are the technical infrastructure conditions that would be nec-
essary to deploy the intelligent agent and virtual world architecture our team had 
used to develop VS on a wider scale in a secondary school setting in Singapore? 
Second, would there be enhanced engagement and learning from the VS science 
inquiry unit if all students had individual access to VS with a computer? Third, 
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Third, might a post-VS classroom-based activity enhance the ability of students to 
apply or to transfer knowledge and skills experienced in the virtual world to a 
new, non-virtual world context? 

To explore the first two research questions, the project provided a dedicated 10 
megabit high speed Internet connection to the computer laboratory where the VS 
study 2 was held, which was approximately 10 to 15 times faster than the standard 
Internet bandwidth provided in Singapore schools at the time the study was run. 
This allowed each student to individually run the VS program, control his own 
avatar, complete the online individual tasks, and to interact with teammates on the 
online collaborative activities in VS science inquiry unit. Concerning the second 
research question, it was hoped that this additional interaction and engagement for 
all students would enhance learning gains at the end of the VS science inquiry 
unit.  

The third research question represented a new direction for VS research related 
to the issue of learning for transfer in a virtual world. Dede and associates (2005a) 
have observed with respect to learning in virtual and game environments that “no 
studies have yet established the transfer of skills mastered in gaming to life situa-
tions” (p. 1). At the time the VS study 2 was conducted in 2008, our research team 
was not aware of any studies of learning in virtual or game worlds that had em-
pirically addressed this challenge. As background for how we approached this 
question, we view transfer an indication of deep learning and understanding that is 
reflected in the ability of learners to use their knowledge in new ways or to further 
advance their understandings and learn in the future.3 Recently, a perspective 
about the mechanism of transfer—analogical encoding theory (Gentner, 
Loewenstein, & Thompson, 2003)—has been proposed that is a variation of the 
influential structure-mapping theory proposed by Gentner. In analogical reason-
ing, a set of correspondences is highlighted between the shared relational struc-
tures of two analogs that might have different surface features, with a person’s 
knowledge of the source analog (hopefully) leading to understanding of the target 
analog. With analogical encoding, however, a learner may only partially under-
stand two cases, but the process of comparing two cases that share an underlying 
principle or concept helps the learner focus on the structural commonalities rather 
than the idiosyncratic surface features. It is further postulated that the process of 
analogical encoding promotes schema abstraction and thus enhances learning, re-
call, and transfer. Empirical research involving analogical encoding learning ac-
tivities has demonstrated significant enhanced learning and transfer for partici-

                                                           
3 Theoretical framings in the learning and cognitive sciences of the construct of 

“transfer” have received considerable attention over the past two decades, as the 
review by Lobato (2006) provides. In this chapter, we align with the definitions of 
transfer provided by (a) the United States National Academy of Science 
(Bransford, Brown, Cocking, & Donovan, 2000) defined as the “ability to extend 
what has been learned in one context to new contexts” (p. 51) and (b) preparations 
for future learning (Bransford & Schwartz, 1999). 
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pants in the analogical encoding “contrast and compare” condition in contrast to 
comparison treatments such as sequentially studying cases (Gentner et al., 2003; 
Thompson, Gentner, & Loewenstein, 2000).  There has also been recent work on 
the design of a virtual game-based system based on principles of analogical encod-
ing (Williams, Ma, Feist, & Prejean, 2007).  

Our research team elected design an intervention based on analogical encoding 
theory (Gentner et al., 2003) for the students to complete after going through all of 
VS science inquiry classes but before the posttest. Two short text problem-solving 
scenarios were developed that differed in terms of their “surface” features but each 
shared solution approaches involving science inquiry principles. The first inquiry 
problem, Purpura Nautica, concerns the historical challenge James Lind experi-
enced on the HMS Salisbury in trying to determine the cause of the disease killing 
numerous sailors in which they had teeth and hair loss, sunken eyes, and often 
death. The second inquiry problem, written to have highly contrasting surface fea-
tures, concerned a market researcher interested if a certain word in the subject line 
of a mass distributed email advertising an event might be interpreted as “spam” 
and thus not read by the intended recipient. 

Three different teacher lead treatment conditions were developed: (a) Contrast 
and Compare, (b) Advise-Advise, and (c) Content Revision. In the Compare and 
Contrast experimental condition, students were asked to reflect on the things that 
they had learned from using VS, to contrast and compare the two cases to deter-
mine if there were common principles, and then to write their solutions to the each 
of the problem scenarios. The other two treatments were comparison conditions 
designed to be similar to relatively common school-based learning tasks. In the 
Advise-Advise comparison condition, students were asked to read the two prob-
lem scenarios and then to write their “advise” about how each of them should be 
solved. Content Revision was the second comparison condition, and students an-
swered a set of questions that were related to the information presented in the two 
problem scenario. There are no single “correct” solutions to these problems, but 
each of them is best solved using scientific inquiry principles, such as formulating 
a hypothesis, identifying appropriate dependent and independent variables, col-
lecting data, and interpreting results.  

It was expected based on the findings of VS study 1 that the students might 
only partially understand the science inquiry principles they learned during the ac-
tivities involving Virtual Singapura. Based on analogical encoding theory, it was 
hypothesized that students in the Contrast and Compare treatment would abstract 
or construct an understanding of the structural similarities across the cases, that is, 
principles of science inquiry, in a manner not cognitively tied to the surface fea-
tures of the two cases or to the VS virtual world. Thus it was hypothesized that 
students in the Contrast and Compare experimental condition have a higher per-
formance on a posttest science inquiry transfer problem that had not been previ-
ously studied than students in the two comparison conditions. 
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Materials 

Consistent with the design research methodology employed in the program of re-
search, quantitative and qualitative information from the prior study as well as 
feedback the teachers was used to iteratively revise the materials, activities, and 
assessments for VS study 2. The VS program itself was not substantively changed 
for this study, although we elected to disable a couple of Active Worlds avatar 
characters available for the students to select for how they would appear in the vir-
tual world, such as the young male avatar with shades riding a motor scooter 
(clearly not appropriate for the 19th century scenario of VS), and the “alien” and 
“bird” avatars. The VS Student Lab Book was slightly revised in two ways. First, 
the daily sequence of activities was shortened to nine class periods (rather than 10 
in VS study 1), which was done by removing selected tasks that did not seem val-
uable in the initial implementation, although the content coverage remained the 
same. 

Second, and of more importance, the description of the major task for final sci-
ence inquiry experiment the student teams were to undertake was changed based 
on our classroom observations in VS study 1. Recall that the student teams in VS 
study 1 were asked to select one of six different experimental settings, articulate a 
hypothesis, collect data to see if their hypothesis was confirmed or not, and then to 
explain why it was or why it was not. What we qualitatively observed was if the 
teams felt the data was not consistent with their hypothesis, this meant they had 
chosen the wrong experimental setting and that they had the “wrong answer.” 
They would then select a second or even a third experimental setting to try to get 
the “right answer.” For example, if a team selected “close all wells and build new 
ones” experiment (which would involve collecting water samples from the main 
VS world, and then data from new wells about a month after the old wells were 
closed, then they would find out that the same wells in the Chinese Rickshaw 
tenement area of Singapore were still polluted. The design team had intended that 
the students reflect on this finding, which would disconfirm their hypothesis, and 
to perhaps realize that some of the virtual characters in VS and information in em-
bedded pictures discussed how the night soil coolies, who carried buckets of hu-
man waste to the farms, were seen to wash these buckets in the wells. This histori-
cally documented practice contributed to cholera outbreaks in Singapore that were 
more common in the dry season (when the water tables were quite low) than in the 
rainy season, when tuberculosis was more common (presumably as more people 
were inside, in particularly in the cramped tenements the coolies lived in).  

To address this problem, the design team changed the final online task in this 
way: “The Governor has requested that your team investigate a public health ques-
tion he has for Virtual Singapura.” The teacher would then explain that the Gover-
nor had tried six different public health projects and that the student research 
teams were to select one of the projects and to run an experiment to see if which, 
if any, public health projects were successful. (As there were approximately 9 to 
10 teams in each class, some of the projects had two teams running experiments, 
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which actually stimulated some of the discussions during the final team presenta-
tions.) Our hope was that the students would not feel a personal investment in the 
particular experiment if the hypothesis was not confirmed, as they were not being 
judged about whether their findings were “the right answer” as to why people 
were getting sick in VS. We did not observe any of the student teams trying to run 
other experiments (as in VS study 1), and instead, they seemed focused on trying 
to understand how the data explained if the particular public health project was 
successful or not, which was the intended task.  

VS Study 2 Method and Results 

Three hundred thirty five grade seven students, all boys with mean age of 13, took 
part in this study. Of these, 27 students did not complete all of the assessments 
(pretest, posttest, and surveys), so the final data analysis involved 308 participants. 
During this implementation, each student had access to a computer and interacted 
with his teammates through online chatting, unlike in the pilot study when four 
students had to share a single computer.  

For the class in which the three analogical encoding treatment conditions were 
administered, three classes were assigned to each of the three conditions: Contrast 
and Compare (107 students), Advise-Advise (98 students), and Content Revision 
(103 students). In each of these conditions, the students spent about 20 minutes 
going through the two cases (see Appendix 1) and attempting to answer questions 
that were posed. Teachers then spent the remaining class time going through the 
cases, discussing, and sharing suggested solutions consistent with the three strate-
gies associated with the three treatment conditions. Three teachers, A, B, and C 
took part in the study, and each taught three classes. They facilitated all the sci-
ence inquiry lessons and the three analogical encoding treatment conditions.  

In the assessment results, the overall pretest and posttest scores revealed no 
significant differences, unlike in the VS study 1 where there was a significant de-
crease in the posttest performance compared to the pretest. To assess the effec-
tiveness of the analogical encoding treatment conditions, we looked at the per-
formance on open-ended pretest and posttest problem-solving scenarios that were 
to be solved using science inquiry principles (these items were similar to the two 
scenarios used in the analogical encoding treatments, see Appendix). The re-
sponses to the items were coded using a 16-point rubric by two raters; inter-rater 
percentage agreement was 97% to 100%. A one way (Problem Solving Group) 
Analysis of Covariance (ANCOVA) was conducted to test for differences in the 
performance on the posttest inquiry problem, controlling for corresponding pretest 
inquiry problem. Although the mean scores were in the predicted direction, with 
the Contrast and Compare condition performing at a higher level than the other 
two comparison conditions (Contrast and Compare [n=107]: M=.20, SD=.14; Ad-
vise-Advise [n=98]: M=.18, SD=.16; Content Revision [n=103]: M=.19, SD=.14), 
the results of the ANCOVA did not reveal a significant group effect.  



19 

Since the teachers facilitated each of the classroom analogical encoding treat-
ments, performance on the posttest inquiry problem was further examined with 
Teacher as a factor. A two way between (Teacher and Analogical Encoding 
Group) ANCOVA was conducted to determine if there were any differences in the 
posttest performance, controlling for the performance on the pretest inquiry prob-
lem. There was no significant group effect, but a significant Teacher 
(F(2,298)=8.02, p<.001,η2=.05) and Teacher by Analogical Encoding Group in-
teraction effects were found (F(2,298)=9.29, p<.001, ,η2=.11). As shown in Table 
1, the means of inquiry problem scores of teachers A and B were in the expected 
directions, whereas the mean scores for teacher C were not. Teacher C was the 
least experienced of the three teachers, so an additional ANCOVA was run select-
ing for the two experienced teachers, A and B, which involved 209 students. A 
one way between (Analogical Encoding Group) Analysis of Covariance 
(ANCOVA) was conducted on the posttest inquiry problem, which revealed a sig-
nificant group effect (F (2,208)=4.20, p<.05, η2=.04)4 whereby students in the 
Contrast and Compare group performed at a significantly higher level than the two 
comparison groups. 
 

<Insert Table 2 about here> 
 

As in VS study 1, students in this study completed the same instrument based 
on the Fraser (1978) Test of Science-Related Attitudes (TOSRA). For the science 
attitudes, paired t-tests revealed that there were significantly lower (p < .05) atti-
tudes towards science and less adoption of science values by the post-survey com-
pared to the pre-survey, which was surprising given the significant increase on 
these scales pre-to-post in the VS study 2.  

A new Likert scale item was added to the VS study 2 post-survey that asked 
about the students’ perceptions of learning with Virtual Singapura. The results 
were largely positive as more than 75% of the students liked using the program in 
the range of 5-7 out of 7 (M=5.43, SD=1.29). This survey response is also consis-
tent with the overall positive comments about learning with VS that were made by 
students in the exit interviews. 

Concerning perceptions of the final online activities, the teachers reported hav-
ing a concern about the students collecting data in two experiments that resulted in 
student complaints and made implementation even more packed given the avail-
able time. One of teachers made this comment during her interview:  

“…we should have a more thorough explanation of what is it they actually go through that 
two times, that two trials. Because when I actually tried to explain to them, some of them 
did not really understand why is it they have to actually go on to take test on the water 
samples and... they do it twice, so when they actually did the second time, they were like 

                                                           
4 A partial η2 = .01 is considered a small effect size, .06 medium, and .14 a 

large effect size. 
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complaining to me, "Eh, I'm doing the same thing again." But after it takes some time to 
explain to them and stuff like that, they kind of get it…” 

The student interviews about this issue were interesting. For example, students 
mentioned that their favorite activities were doing the experiments, which we did 
not hear from the previous interviews with the VS study 1 students. To probe the 
concern of the teachers about doing two experiments, we asked students whether 
or not they preferred doing just one experiment. We found that many students in 
fact felt this was a useful set of activities: “We prefer more [experiments];” “It’s 
like better so we can check more hypotheses to see which one is correct;” and 
“two is better than doing one.”  

It is interesting that the students came to value doing two experiments and no 
longer had any complaints during the interview. We also see here the important 
role of the teacher as a facilitator or coach to help the students persevere, which in 
turn resulted in a better long term learning outcome from the students’ perspective 
of their experiences in VS. This is clearly a different teacher role than traditional 
didactic instruction, but illustrative of vital facilitative ways in which teachers will 
likely help students in future learning environments such as virtual worlds. 

Finally, based on qualitative classroom observations, the students in VS study 2 
seemed to make higher quality presentations about their research findings to their 
peers and teachers than in the pervious study even though these students had just 
started the secondary school (VS study 1 students were at the end of the second 
term for secondary one). For example, some of the presenting teams were asked to 
explain how the data they reported actually related to the hypothesis that was pro-
posed, or to justify how data collected about water quality in the wells impacted 
diseases when there was no data reported on patient symptoms from the hospital 
(see Appendix 2 for excerpts of this classroom discussion). Still another student 
team was carefully questioned about why they believed draining the marsh (which 
only reduced the number of malaria carrying mosquitoes in VS) would impact the 
cholera microbe counts in the drinking water wells located in completely different 
locations of the city.  

VS Study 2 Discussion 

The first research question concerned the type of technical infrastructure that 
would be necessary to deploy the intelligent agent and virtual world architecture 
of Virtual Singapura in a regular school setting. The technical data we collected 
indicated that the higher bandwidth the project team provided into the school’s 
main computer lab was in fact necessary for the VS program to run at an appropri-
ate speed and for each student in the computer lab to be able use the program and 
to engage in the virtual world learning activities. Whereas this high bandwidth re-
quirement for the intelligent agent VS program may limit its wider scale use in the 
short term, it is generally expected the next generation broadband speed that 
schools will have access to will be increased to the levels programs such as VS re-
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quire. Another solution to this issue would be to locate servers for the intelligent 
agent and virtual world engines at individual schools, which would be cost effec-
tive given the current low cost of high performance computer servers and the typi-
cal high speed internal networks most schools have (typically 100 times faster 
than the external Internet connection). Another advantage of this solution is that 
the servers would be inside the firewalls nearly all schools have, which are often 
strictly setup to protect students from accessing inappropriate websites but with 
the unintended consequence of blocking access to external servers for various vir-
tual world systems such as Second Life that could be used for educational pur-
poses. 

The second research question dealt with levels of engagement and learning that 
might result if all students had individual access to VS with a computer, in con-
trast to the four to a computer situation in VS study 1. Based on our qualitative 
observations of the students in the VS study 2, it was clear that there was much 
less off-task behavior in this enactment of the VS science inquiry unit. The stu-
dents indicated they like using VS on a post-survey item, and comments in the 
student and teacher interviews suggested both engagement and positive views of 
learning with VS. 

Concerning the issue of enhanced learning being associated with the one-to-one 
computer access, the results are less clear. We were disappointed that there were 
no significant learning gains demonstrated on the main posttest items compared to 
the pretest. Comparing this finding to the VS study 1, where there was a signifi-
cant decrease in the posttest performance, suggests that there may have been a 
small efficacy for the one-to-one computer access. Members of the research team 
also felt the presentations by the student teams seemed at a higher level than in the 
first study. Still, given clear indications the students were motivated and engaged 
in the guided inquiry activities, the lack of demonstrated gains on the main post-
test assessments was disappointing.  

The third research area investigated a post-VS classroom-based activity that 
might enhance transfer of knowledge and skills experience in the virtual world to 
non-virtual settings and contexts. It was found that students receiving the experi-
mental analogical encoding treatment scored significantly higher on the main post-
test problem solving transfer task that required specifying an appropriate scientific 
hypothesis, dependent and independent variables, and expected outcomes than the 
students in the other two conditions, which was in the theoretically predicted di-
rection. Whereas the effect size for this finding is moderately small, we believe fu-
ture research is warranted to explore this theory based classroom pedagogical ap-
proach that accompanies pedagogies of virtual worlds.  

Also related to the third research area into transfer of learning, it was interest-
ing that often it was not the teacher who provided critical comments after the team 
presentations, but rather the fellow students in the class. Indeed, these questions 
were quite aligned with the types of science inquiry skills and ways of thinking we 
wished the students to learn. In addition, the team presentation activity was “out-
side” of the virtual world, and thus shows the potential anchoring value of such 
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classroom experiences to help foster learning through collaboration and reflection 
about the experiences students had been involved with “inside” the virtual world. 
Thus future research might explore the potential value of learning in virtual worlds 
in terms of “preparations for future learning,” which is an important direction for 
research on transfer (Bransford & Schwartz, 1999), and also to explore the impor-
tance of reflective learning “outside” of the virtual world to foster deeper learning 
experiences.  

Future Research 

Overall, the findings from the two studies involving the use of Virtual Singapura 
and the VS science inquiry unit provide useful technical, implementation, and 
learning findings. The technical and implementation implications are important, 
such as the need for adequate bandwidth, but relatively easy to systemically ex-
plore and to address if there is sufficient school or educational system interest. The 
VS project represents one of the first to integrate an intelligent agent architecture 
with a virtual world to explore ways in which adaptive synthetic characters might 
enhance the learner’s experience in a virtual world and perhaps to enhance learn-
ing as well. The positive findings of student engagement and motivation are con-
sistent with virtual and game based learning research reported by other (e.g., 
Barab et al., 2005; Dede et al., 2005a; Gee, 2003; Ketelhut, Clarke, & Nelson, 
2009).  

In terms of future advances in the computational architecture of the VS virtual 
world, we are interested in enhancing the functionality of agents to have an aware-
ness of locations (where), situations (what happened), and contexts (how) (Cai, 
Miao, Tan, & Shen, 2008) to enhance their ability for social collaboration in order 
to further support student learning in the virtual environment (Yu, Shen, & Miao, 
2008b). In addition, authoring tools such as a “scenario designer” and an “agent 
factory” are being developed to support the generation of agents in virtual worlds 
(Cai, Shen, & Miao, 2007; Yu, Shen, & Miao, 2008a). These agent development 
tools are intended to be easy to use by non-programmers and will be integrated 
into virtual worlds such as a new version of Virtual Singapura so that researchers 
and teachers (rather than programmers) can create agents and build scenario based 
goal nets according to research or curriculum needs. In addition, new functionality 
is being developed to support knowledge mining, dynamic inference, and action 
selection, which will greatly enhance the research data that will be obtained in the 
project and in turn provide information to inform the iterative enhancement of 
agents in future studies. 

The mixed learning findings, however, are problematic in ways that may re-
quire theoretical rethinking of the pedagogical designs for virtual worlds for learn-
ing. For example, the only significant learning gain documented in either of these 
studies—the higher performance on a challenging transfer problem on the post-
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test—involved an innovative pedagogical intervention based on analogical encod-
ing theory (Gentner et al., 2003) that was implemented outside of the virtual learn-
ing experiences. Although a provisional finding that needs further investigation, it 
broaches a broader issue of the types of pedagogical experiences that might evoke 
successful learning outcomes in what generally have found to be engaging and 
motivational experiences for learners. We next consider a new framework for the 
design of pedagogical experiences for virtual (and non-virtual) learning environ-
ments that we plan to explore in future research.  

The metaphor mentioned above that learning in a virtual world is not like 
automatically getting warm standing next to a fire alludes to the issue of how to 
design or to structure virtual worlds so that learning in fact does occur. Structure 
may be conceived in a variety of forms, such as structuring a problem, scaffolding, 
instructional assistance, providing tools or expert help, worksheets or scripts, and 
so on (Puntambekar & Hübscher, 2005). This issue of structure is also central to 
recent discussions of the Assistance Dilemma (Koedinger & Aleven, 2007), which 
has been articulated in the context of the timing of when and how to provide struc-
ture (i.e., assistance) in intelligent tutoring systems. Other researchers have ex-
tended the issues of the timing of structure associated with the Assistance Di-
lemma to learning in collaborative computer environments (Kapur & Rummel, 
2009). In this section, we argue that the issues of the timing of structure are also of 
particular relevance to research into learning with virtual worlds in which students 
collaborate via interactions with each other through avatars as well as with syn-
thetic agents.  

We propose that there are three main paradigms for how and when to structure 
pedagogical activities involving virtual worlds.5 First, the pedagogical activities 
may be relatively open ended and consist of low or minimal structure. However, 
minimally structured “discovery learning” environments generally do not result in 
successful learning outcomes (Mayer, 2004), and so we expect low structure ac-
tivities in virtual worlds will generally not be effective for learning. One might re-
gard having students use commercial game software as an example of this para-
digm as there is little explicit structure provided that links information in the game 
scenario with subject specific knowledge and skills associated with formal educa-
tional curricula. As discussed earlier, research has found relatively little learning 
of school oriented content with commercial games (Kirriemuir & McFarlane, 
2004; McFarlane et al., 2002).  

Second, virtual worlds may be designed with high-to-low structure pedagogi-
cally trajectories, whereby learners initially experience guided or scaffolded ac-
tivities, with the structure gradually “faded” or removed over time as students are 
presumed to become more independently knowledgeable or skilled. This second 
approach seems to be commonly used in learning research to date involving vir-
                                                           

5 In this chapter, we focus on educational virtual worlds in particular, although 
clearly the issue of the design of structure in trajectories of learning activities is of 
relevance to all learning environments, whether they are technologically based or 
not. 
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tual worlds specifically designed for educational settings. The research discussed 
in this chapter involving Virtual Singapura, as well as the program of research 
with River City (Ketelhut et al., 2009) and Quest Atlantis (Barab et al., 2005) have 
primarily used a guided inquiry approach based on a Vygotskian social construc-
tivist model of learning-by-doing. 

The third pedagogical structure paradigm is low-to-high structure, which is 
perhaps best exemplified in research into productive failure (PF) (Kapur, 2008; 
Kapur & Kinzer, 2009). Recently, Kapur and associates have been conducting a 
program of research exploring the possibility that under certain conditions engag-
ing learners to persist, struggle, and even fail at tasks that are ill-structured and 
beyond their current abilities may in fact be an exercise in failure that yields long-
er term productive learning gains. The productive failure hypothesis was first 
tested through a series of classroom-based quasi-experimental studies conducted 
with approximately 300, 11th-grade science students across seven Indian schools. 
Student triads solved either ill-structured (IS) or well-structured (WS) problems in 
an online chat environment. After group problem solving, all students individually 
solved WS problems followed by IS problems. Compared to WS problem-solving 
groups, IS groups initially had difficulties in defining and solving the problems 
and demonstrated poor group performance in the short term. However, the IS par-
ticipants subsequently outperformed their counterparts in the well-structured con-
dition on individual transfer measures, suggesting a delayed or latent productivity 
in learning resulted from the initial failure. A second study has replicated the re-
search design and findings in three other schools (Kapur & Kinzer, 2009).  

Other research has investigated a productive failure approach for using an 
agent-based modeling (ABM) and visualization environment for learning impor-
tant physics concepts related to electricity (Jacobson, Kim, Pathak, & Zhang, 
2009). The “non-productive failure” (NPF) group received an initial problem to 
solve involving the use of an electricity ABM with a set of structured worksheet 
steps whereas the “productive failure” (PF) group worked on the problems without 
any structure provided. Both groups then worked on a second problem involving 
an electricity ABM, but this time a worksheet (i.e., a structured activity) was pro-
vided to both groups. Both groups then worked on a third problem involving the 
electricity ABM, but with neither group receiving any worksheet provided struc-
ture. It was found after four sessions with four different electricity ABMs that the 
PF group scored significantly higher on the posttest compare to the NPF group, 
which actually decreased slightly from the pretest to the posttest. Overall, the find-
ings in the ABM study of productive failure are consistent with those of Kapur 
and associates, which is important given the different content domain and the use 
of a visually oriented computer-modeling environment as the medium for the 
learning activities.  

Briefly, Kapur (2008) has argued that from a theoretical perspective, it is likely 
that the low prior knowledge of novice students impedes their ability to under-
stand the importance and value of domain-specific concepts, representations, and 
methods that might be presented during high structure activities such as direct in-
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struction or as part of scaffolding provided during problem-solving tasks. Second, 
and related, when domain-specific concepts, methods and representations are pre-
sented in a organized manner during direct instruction or other structured activi-
ties, students may not understand why particular concepts, representations, and 
methods are being used or why they were organized in particular ways (Chi, 
Glaser, & Farr, 1988; Schwartz & Bransford, 1998). 

In contrast, the initial failure and the delay of structure in PF conditions may 
result in students noticing and appreciating the relevance and value of key con-
cepts, representations, and methods when exposed to them in subsequent direct in-
struction or structured problem solving activities. Further, the activation of a range 
of prior knowledge by a student (which may be incomplete and even inaccurate) 
in the initial failed problem activity followed by the experience of a problem 
structured with appropriate concepts, representations, and methods might lead to 
knowledge abstraction and construction that perhaps are similar to cognitive proc-
esses proposed in analogical encoding theory (Gentner et al., 2003). Consequently, 
the process of productive failure may help students better discern and construct 
understandings of the concepts, representations, and methods from the structured 
activity so that they perform at a higher level on subsequent problems as well as 
on tests of conceptual understanding and knowledge transfer.  

We believe there has been no research to date to systematically explore the 
premise that appropriately designed initial failures in virtual worlds as part of low 
structure activities, where learners may struggle as they think about and attempt to 
solve problems, might lead to longer term and deeper learning effects than peda-
gogical approaches that initially provide higher structure that is reduced or faded 
over time. Consequently, a productive failure perspective has interesting implica-
tions for the sequencing of pedagogical structure in a virtual learning world. In 
addition, there may be important implications for how intelligent agent technolo-
gies might be designed and used in virtual world for learning. In a virtual learning 
world designed with a high-to-low structure pedagogical trajectory, such as 
guided inquiry, the initial learning tasks are structured so that students would be 
expected to succeed, with intelligent agents designed to intervene or to provide 
scaffolding if the learner showed difficulty with a given task. Over time, the task 
difficulty would increase and the degree of scaffolding or structure provided 
would be gradually faded or reduced. Put another way, the design of intelligent 
agents in high-to-low structure pedagogical trajectories—whether in learning ac-
tivities in virtual worlds or in ITS—is to help students to initially succeed, with 
the assumption that there will be longer term productive learning gains as well.  

In low-to-high structure pedagogical sequences, however, the role of intelligent 
agents is reversed; agents would be designed to insure that students initially fail. A 
central premise of productive failure is that the initial learning activity must be 
challenging enough that learners struggle and pursue a range of approaches for 
completing the activity or solving the problem. If a learner can easily accomplish 
the activity, then there is likely to be little additional learning gained from a sub-
sequent structured experience, as shown in research by VanLehn, Siler, and Mur-
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Murray (2003). Agents may thus be designed to have three main roles in a low-to-
high structure virtual world. First, agents could monitor solution profiles and if the 
learner seems to easily accomplish the task or solve the problem, then a more dif-
ficult task would be provided. Second, agents could be designed to support persis-
tence in the solving of a challenging task as quickly giving up would mean that 
prior knowledge and/or naïve conceptions may not be activated, with the result 
that the learner would not benefit from a subsequent structured experience. Third, 
agents could be designed to provide “structure” (i.e., scaffolding, direct instruc-
tion) following the low-structure activity in which the learner struggled and failed.  

Our research group is planning new research to investigate productive failure 
(PF) designs for pedagogical activities in virtual worlds. The initial studies will 
explore PF designs without agents, with these findings then being used to inform 
how the intelligent agents would be programmed. Subsequent PF studies with in-
telligent agents in virtual learning worlds will then be conducted. We anticipate 
students learning in virtual worlds designed with low-to-high structure pedagogi-
cal sequences will demonstrate enhanced long term learning gains than students 
using high-to-low structure approaches. We also view analogical encoding based 
activities as a type of structure that may be provided in trajectories of learning ex-
periences that may have cognitive benefits in terms of fostering the ability of stu-
dents to transfer their understandings constructed in virtual worlds to new settings 
and learning contexts. Given the preliminary findings the enhanced transfer prob-
lem solving performance of the analogical encoding treatment in VS study 2, we 
are planning future research in this area. 

Conclusion 

In conclusion, it is hoped that over time, the program of design research discussed 
in this chapter will contribute to our understanding of how motivationally power-
ful immersive virtual worlds might be designed to help students to deeply learn 
conceptually challenging knowledge and skills. In addition, this project hopes to 
make a contribution to early research efforts into how intelligent agent technolo-
gies might be used to augment and enhance learning in immersive virtual worlds. 
Envisioning that future of learning environments will include virtual worlds aug-
mented with intelligent agents in various ways seems a likely future. We hope that 
theoretical and research perspectives such as those discussed in this chapter might 
inform these design and development efforts both for the virtual world technolo-
gies themselves and for the overall formal and informal learning environments in 
which they will be used.  
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Appendix 1 

Case texts used in the analogical encoding treatment conditions: 
 

1. Purpura nautica 
 

During the Age of Discovery, scurvy became a disease among sailors. The disease 
was often referred to as Purpura nautica, as sufferers had purple (purpura) 
blotches under their skins. They would also have teeth and hair loss, sunken eyes, 
paleness, blindness, and most would die. In 1747, James Lind, the surgeon aboard 
HMS Salisbury, was faced with many cases of scurvy and a high death rate. He 
thought that the disease was related to a lack of ascorbic acid, which is found in 
citrus fruits, but had to prove it. What Lind did next changed the history of scurvy. 
As a scientist, what do you think he did?  
 

 
2. Is it good to be special?  
 

The shoe company Steps decided to run a free webinar (a type of web conference) 
to get people to be aware of shoe comfort, and be interested in Steps’ footwear. E-
mails would be sent to invite people to the webinar. When drafting the e-mails, the 
marketing manager noted an interesting claim, that the word “special” should not 
be in e-mails’ subject lines. E-mails with “special” in their subject lines were 
avoided by people as they were seen as spam. The manager was keen to test this 
claim, and to find out whether differences in subject lines mattered to whether 
people would attend the webinar. As a market researcher, what should she do?  
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Appendix 2 

 
Conversations after a presentation regarding missing supporting data: 
 

1. All Presenters: (after presenting the last slide) So we will now take your ques-
tions.  

2. Teacher: Okay, any questions?  
3. Audience 1: How about the number of patients who fell ill due to the illness? 

The number of patients?  
4. Teacher: Can you go back to your graph again?  
5. Presenter 1: Our graph would be regarding the number of bacteria in the 

wells…?  
6. Audience 1: Then how about the number of patients? (pause)  
7. Presenter 1: We don't have the graph.  
8. Audience 1: Is this illness that’s causing the patient to? When you say, you 

know, when you say symptoms, but what about the number of patients...  
9. Presenter 2: No, no… When...  
10. Audience 1: …(that bacteria really) causes the illness...?  
11. Presenter 1: This is the… for the…  
12. Audience 1: The patients, according to the number of patients who want to 

(claim from this)? We do not know whether it significantly went down. So 
the… (how to know) would be this?  

13. Presenter 2: Okay, maybe we didn't really write it down here, but anyway di-
arrhea would significantly decrease from 35-7, 2 digits to 1 digit. Wow. Yeah.  

14. Audience 1: How about the rest, like the, can you go to your graph.  
15. Teacher: Can you go back to your previous slide. Previous slide.  
16. Audience 1: What, how about the fever and all that? And the rest...  
17. Presenter 2: Tuberculosis will also significantly decrease but I guess we put 

didn’t put it inside here… Sorry.  



33 

 

Table 1 

Design Changes in the Two Virtual Singapura Studies 
 

Design Consideration Study 1 Design Features Design Changes in 
Study 2 

Situated and  
Contextualized Learning 

• 19th Century Singapore dis-
ease epidemics 

• Sir Andrew Clarke, the gov-
ernor’s request 

• Synthetic characters sharing 
their difficulties, observa-
tions, and hypotheses (ac-
cording to historical informa-
tion) 

• Learners as problem solvers  

No major changes 

Virtual Pedagogy • Guided inquiry 
• Leveling up as scientists 
• Reflective questions and re-

porting to the governor 
• Most of the tools and infor-

mation online 
• Virtual experiments (one ex-

periment is chosen by the 
group) 

• Fewer guiding    
questions 

• Selected online 
tools also made 
available in the 
printed lab book 
(e.g., hospital re-
cords) 

• Virtual experi-
ments (one asked 
by the governor, 
another chosen by 
the group) 

• Pedagogy outside 
of VS (i.e., 
analogical encod-
ing) 
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Intelligent Adaptive  
Virtual Interactions 

• Synthetic characters adap-
tively responding to the vir-
tual learner avatars 

• Four students interacting with 
agents using one computer 

• No major change 
in the agent inter-
actions 

• Each student in-
teracting with 
agents using his 
own computer 

• Group members 
communicating 
through chat  

Virtual Aesthetic  
Experiences 

• 19th century Singapore setting 
• Synthetic characters with dif-

ferent ethnic groups and tra-
ditional costumes 

No major changes 
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Table 2 
 
Posttest Means and Estimated Marginal Means on Posttest Science Inquiry Prob-
lem-solving Scenario 

 
Teacher Analogical Encoding Group Analogical Encoding Group 
 Means (SD) Estimated Marginal Means (SE) 
 Control 

(n=103) 
Advise-
Advise 
(n=98) 

Compare 
Contrast 
(n=107) 

Control 
(n=103) 

Advise-
Advise 
(n=98) 

Compare 
Contrast 
(n=107) 

A .19 
(.13) 

.21 
(.15) 

.22 
(.15) 

.19 
(.02) 

.20 
(.02) 

.22 
(.02) 

n 32 35 37 32 35 37 
B .15 

(.10) 
.25 

(.18) 
.25 

(.15) 
.16 

(.02) 
.25 

(.02) 
.26 

(.02) 
n 37 33 35 37 33 35 
C .24 

(.17) 
.08 

(.08) 
.21 

(.09) 
.24 

(.02) 
.08 

(.03) 
.12 

(.08) 
n 34 30 35 34 30 35 
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Figures 

 
Figure 1. Screen shot of student who is accessing the navigational map of Virtual 
Singapura along with the online "virtual microscope" developed by Dede's group 

at Harvard University. 
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Figure 2: Intelligent agent characters of the nurse, doctor, and a sick coolie in the 
Tan Tock Seng Hospital with a historical picture of the hospital on the right side 

of the screen. 
 
 
 
 


